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A lot of theoretical and/or experimental studies on the 
performance of the subsonic ejector with single nozzle have 
been published. However, few studies of the subsonic ejector 
with mUltiple nozzles to give any available data for its 
design are found. In the present paper, the effects of the 
dimensions of the parallel part of diffuser and of the 
nozzle spacing (between the nozzle and parallel part of 
diffuser) on the performance of the subsonic ejector with 
multiple nozzles are discussed in comparison with those of 
single nozzle subsonic ejector. It was made clear that the 
shortening of the parallel part of diffuser and the 
reduction of noise level can be attained by applying the 
multiple nozzles instead of the single nozzle. 
1 Preface 
A lot of theoretical and/or experimental studies on the per-
formance of supersonic or subsonic ejector with single nozzle have 
been published. However, few studies of the subsonic ejector with 
multiple nozzles are found. In the previous studiesl ) ,2), the ef-
fects of the shape on the performance of the supersonic air ejec-
tor were discribed by one of the present authors. In the papers, 
some merits by applying the mUltiple nozzles instead of the single 
nozzle were shown and some design data for the supersonic air 
ejector with multiple nozzles were proposed. The driving jet in 
the supersonic ejector flows at a supersonic speed, formimg shock 
waves. However, no shock waves are formed in the subsonic ejector. 
Therefore, the flow pattern in the subsonic ejector differs from 
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that in the supersonic ejector. If the merits by employing the 
multiple nozzles in the supersonic ejector can be obtained also in 
the case of the subsonic ejector is an interesting problem. 
Subsonic ejector is widely used for ventilating or exhausting 
in the air conditioning or sanitary engineering, and in these 
applications the campact size of the whole apparatus of ejector 
and the reduction of noise level in running of ejector are 
strongly demanded. According to the results obtained in the 
previous paper, it may be expected that those demands can be 
answered by employing the mUltiple nozzles. 
The object of the present study is to propose some new data 
for the design of the subsonic air ejector with multiple nozzles. 
An experimental 
dimensions of 
investigation was carried out 
the parallel part of diffuser 
on the effects of 
and the spacing 
of the subsonic between nozzle and diffuser on the performance 
air ejector with mUltiple nozzles and the noise in running of 
ejector in comparison with the performance and the noise of the 
subsonic ejector with single nozzle. 
2 Nomenclature 
Cp specific heat at constant pressure 
d diameter 
f cross-sectional area 
G weigt flow rate 
HO~ pressure of driving air before nozzle 
h specific enthalpy 
k flow ratio 
1 
I=l/d 
s 2 
m=(ds/d th ) 
N 
p 
T 
x 
x=x/d 
s 
E=pn/p~" 
n 
K 
a=P~'/p~" 
e=T~'/T~" 
length 
dimensionless length 
throat area ratio 
number of nozzles 
pressure 
absolute temperature 
nozzle spacing (spacing between nozzle 
and parallel part of diffuser) 
dimensionless nozzle spacing 
compression ratio 
adiabatic efficiency [ see eq. (1) ] 
specific heat ratio 
(inlet) pressure ratio 
temperature ratio 
e=h~'/h~" 
[Superscript] 
( ) , 
( ) II 
( ) * 
[subscript] 
( ) S 
() mix 
()th 
()O 
()l 
()4 
()LP 
enthalpy ratio 
for driving gas 
for entrained gas 
for stagnation state 
at parallel part of diffuser 
mixing region 
for nozzle throat 
at entrance of ejector 
at section of nozzle exit 
at section of ejector exit 
at low pressure tank 
3 Experimental arrangement 
3.1 General arrangement 
The outline of experimental arrangement to test the 
performance of subsonic air ejector is shown schematically in 
Fig. 1. The high pressure driving air produced by the 
reciprocating compressor is discharged continuously from the 
subsonic nozzle @ through the high pressure tank 0 of 
0.55 m3 , the drain separater @ and the stop valve @ The 
entrained air flows into the mixing box @ through the suction 
pipe ~ of 50 rom dia. X 530 rom length, after it enters the low 
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Fig. 1 Layout of experimental devices 
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pressure tank @ of 
100 mm dia .. The flow 
the atmosphere through 
·0.128 m3 through the stop valve @ 
rate of the entrained air is discharged 
the deli very pipe @ of 50 mm dia .. 
of 
to 
3.2 Test ejector 
Two types of air ejectors are tested. One is a type of 
multiple nozzle ejector (MNE) and the other is a type of single 
nozzle ejector (SNE). The sectional view of the assembly of MNE is 
shown in Fig. 2. The details of component parts are as follow; 
(1) Driving nozzle 
Driving nozzle is consisted of seven nozzles for MNE. The 
detail of one nozzle of MNE is shown in Fig. 3. The total area of 
the cross-section of the multiple nozzle exits of MNE is 59.8 mm2 
and it is equal to the cross-sectional area of the nozzle exit 
of SNE. The detail of the nozzle of SNE is shown in Fig. 4. The 
nozzles of MNE and SNE are screwed on the nozzle socket, which is 
mounted on the connecting pipe by a screw. The length of the screw 
is 40 mm, and the spacing between nozzle and parallel part of 
diffuser can be adjusted by the numbers of the connecting screw 
pitches. 
(2) Diffuser 
The diffusers are of parallel-divergent type for the both of 
MNE and SNE. The convergent part which is connected to the mixing 
box plays an important part to guide the flow of entrained air. 
Eight different lengths of parallel part of diffuser are tested, 
while the dimensions of divergent part and guiding part are 
remained the same. Each element of the diffuser is connected to 
the other element by flanges. 
the intervals of 120 0 along 
Many pressure taps are provided at 
the circular direction near the 
entrance of the parallel part of diffuser. 
Fig. 2 Assembly of multiple 
nozzle ejector (MNE) 
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Fig. 3 One of seven nozzles 
of multiple nozzle 
ejector 
~*;:-.-.-.~ 
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Fig. 4 Nozzle of single nozzle 
ejector 
4 Experimental method 
4.1 Measurement of performance 
The running conditions of the test ejector were setted as 
follows: 
1) The pressures of the driving air were kept constant at 200 
rnmHg (0.272 atg) or at 400 rnmHg (0.544 atg). The pressures were 
measured with the mercury manometers 
Fig. 1. The pressure of the driving 
relief valve @ in Fig. 1. 
of U-letter type @ in 
air was controlled by the 
2) The flow rate of cooling water through the compressor and 
the after-cooler was controlled to maintain the temperature of the 
driving air before nozzle at the same with that of the entrained 
air in the low pressure tank. Since the flow velocities of the 
driving air and the entrained air at the entrance of ejector are 
extremely small, their static pressures may be regarded as 
stagnation temperatures. Then, 8=T~'/T~"=1. 
3) The flow rate G" of the entrained air was controlled in 
the range from GTl=O to maximum value Gma~ in use of the valve @ 
in Fig. 1. The pressure PLP at each value of G" was measured with 
the mercury manometer of U-letter type. 
4) The flow rate G' of the driving air was measured by means 
of the quadrant-edge nozzle @ in Fig. 1. The flow rate G'+G" 
of the mixed air was measured with a standard Pitot tube settled 
at the exit of the delivery pipe. The flow rateG"of the entrained 
air is calculated as (G'+GTl)-G'. The throat area ratio of the 
quadrant-edge nozzle was 0.379 and the discharge coefficient was 
0.925. 
4.2 Description of performance 
The performance are described by flow ratio k=G"/G', pressure 
ratio a=P~'/P~", compression ratio £=Ptt/P~" and adiabatic 
efficiency n, and are represented in the relations of £-k or n-k. 
The adiabatic efficiency is defined as the ratio of the adiabatic 
work of the entrained gas (air), to the adiabatic work of the 
driving gas (air), if the entrained gas is compressed to Ptt from 
the inlet conditions of p~Tl and T~l1, and the driving gas expands 
to Ptt from the inlet conditions of P~' and T~'. That is, n is 
expressed as 
K"-l 
n 
--;err-
k £: - 1 
-----K--r-' --'='"1-
8 1 -(£:/a)-K-'-
(1) 
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In the present study, K' is equal to Kif (K'=K"=1.4), and c; 
is equal to c~, . because the driving gas and the entrained gas 
are air. Then, the enthalpy ratio 8=(c'/c lf )8 becomes unity 
. p p 
because of 8=1 [cf. 4.1 (2)]. 
Hore efficient ejector gives higher values of E, as is 
evident from the definition of efficiency of ejector under the 
same values of k, 8 and o. Therefore, the performance of ejectors 
may be discussed in terms of the value of E instead of n. 
5 Experimental results and discussions 
5.1 Effects of length Is of parallel part of diffuser on 
performance 
The effects of length I of the parallel part of diffuser on s 
the performance of MNE and SNE are shown as the parameter of flow 
ratio k under two different values of driving air pressure in 
Fig. 5 (a) and Fig. 5 (b), respectively. 
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Fig. 5 Effects of 1 on performance 
s 
Case : MNE 
At a constant value of k, the value of E holds almost 
constant in the range of I smaller than about 3 and decreases 
s 
gradually with increase of I beyond the range. The same pattern 
s 
of Is-E curves are seen under the different pressures HO~. 
Consequently, it may be considered that the optimum length (1) t 
s op 
is 1 ~ 3 for MNE. 
Case : SNE 
The value of E increases with increase of Is in the range of 
I smaller than about 5 _ 6 and decreases gradually with increase 
s 
of Is beyond the range. The value of (I) t ranges in 5 - 6 when 
s op 
k=O and 6 - 7 when k=O. A slight increase of the value of (1s )opt 
with increase of k is caused by the increase of the entrained air 
flow velocity. The similar aspect 
p:essure of HO~ = 200 mmHg and HO~ 
is seen under the driving air 
400 mmHg, but the value of 
(1) t under HO' 400 mmHg shifts to a slightly 
S op g larger value 
of (Is) opt 
results by 
than that under HO~ = 200 mmHg. The above results 
obtained for SNE agree well with the experimental 
Kastner et al. 3 ) and Watanabe et al. 4 ). 
The axial distributions of static pressure on the wall of 
diffuser are shown in Fig. 6 (a) for MNE and in Fig. 6 (b) for 
SNE. The values of H ' and 1 are kept at the same value for the Og s 
both figures. It is seen that the static pressure starting 
from negative at the guide part of diffuser, 
along the parallel part of diffuser, passes 
decreases again slightly toward the downstream. 
increases rapidly 
a maximum and 
Let I be the 
distance from the exit of diffuser toward the downstream and 1 = 
lids be its dimensionless length. 
~~, 
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Fig. 6 Static pressure distributions on diffuser 
the mixed flow on the wall of diffuser reaches a peak at 1=2 for 
MNE and 1=5 ~ 8 for SNE. In the region where the exchange of the 
momentums between the driving jet and the entrained air flow is 
carried, the pressure of the mixed air flow rises toward the 
downstream. Consequently, the peak of the above mentioned 
distributions of static pressure will indicate the position of 
completion of the mixing. In the region from the peak of the 
pressure distributions to the exit of diffuser, the excessive 
friction causes the static pressure drop and results in the 
reduction of performance of the ejector. 
NOW, let lmix be the distance which is necessary for the 
exchange of the momentums between the driving jet and the 
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entrained air flow. It is well known that greater value 
is required with the increase of the velocities of the 
jet and the entrained air flow and also the increase 
of 1 . 
mlX 
driving 
of the 
diameter of the exit of nozzles. The most efficient ejector is 
attained when Imix is equal to the distance ls+x from the exit of 
nozzle to the entrance of the parallel part of diffuser, as has 
been reported by Watanabe et al. 4 ),5). As the value of (X) opt is 
extremely small in comparison with the value of <Is)opt as 
mentioned later, it may be considered that Imix is nearly equal to 
(ls)opt' 
It should be noted that there is a fixed relation between the 
values of (1) t of MNE and SNE and the number of nozzles. That S op 
is, the value of (1) t for MNE is equal to about l/(N times of 
s op 
(1) t for SNE (N : the number of nozzles). This fact agrees well 
s op 1) 
with the result for the supersonic ejector . It is accepted, 
because the exit diameter of each nozzle of multiple nozzles is 
equal to l/{Ntimes of that of single nozzle, if the interaction 
among the jets from each of multiple nozzles is disregarded. 
The value (1) t for the supersonic ejector is equal to 2 -
s op 
3 for MNE and to 6 _ 8 for SNE as described in the preceding 
paperl ) . These values are a little greater than those for the 
subsonic ejector corresponding to MNE and SNE respectively. This 
is caused by the reason that the velocity of the driving jet for 
MNE is larger than that for SNE. 
5.2 Effects of nozzle spacing x 
It is well known that the spacing x between the nozzle and 
parallel part of diffuser has serious effects on the performance 
in the case of the single nozzle ejector. The value of (x) t can 
op 
not help being decided experimentally because it is difficult to 
decide the value theoretically. The performance of MNE and SNE 
were tested for different values of x, remaining the values of Is 
at the optimum values of (1) t for m~E and SNE respectively. The 
s op 
results are shown in Fig. 7 (a) and Fig. 7 (b). It is seen that 
the value of (x) t is equal to 1/2 for MNE and to zero for SNE. op _ 
The distinguishable reduction of performance appears when x 
-1/4. When the exits of multiple nozzles are situated in the 
parallel part of diffuser by the length of d
s
/4, the cross-
sectional area of diffuser by the entrained air passage reduces to 
about half times of that when x > O. Therefore, the flow velocity 
of the entrained air increases at the entrance of the parallel 
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Fig. 7 Effects of x on performance 
part of diffuser, resulting 
resistance due to the friction 
in the increase of hydraulic 
on the inner wall of diffuser and 
the outer wall of nozzles. In order to eliminate such excessive 
friction, the exits of multiple nozzles should be settled in the 
region of x ~ O. However, it should be noted that if x for ~lliE 
takes too large, the mixing of the driving air flow and the 
entrained air flow completes at a position of upstream before the 
entrance of the parallel part of diffuser, and the flow of mixed 
air is subjected to excessive friction losses in the parallel 
part, resulting in the reduction of flow ratio and efficiency. 
Kastner et al. 3 ) and Watanabe et al. 5 ) have reported (x) t 
op 
=1 - 2 for single nozzle ejector and the value differs from the 
result of the present study. The descrepancy is caused by the lack 
of geometrical similarity of the mixing boxes between their 
experimental devices and that of the present device. In the 
present experiment, the guiding part of the length of 6d
s 
is 
connected to the mixing box. The entrained air flows through this 
convergent guiding part and mixes with the driving jet. On the 
other hand, there is no guiding part in their mixing box, but the 
intake nozzle for the entrained air is connected directly to the 
parallel part of diffuser. Furthermore, the volume of the mixing 
box in the present experiment is very large in comparison with 
that of the diffuser, while their mixing box is small. 
5.3 Comparison between performance of MNE and that of SNE 
The performance curves for MNE and SNE, each of which 
provides with the optimum length of the parallel part of diffuser 
and the optimum nozzle spacing, are shown in Fig. 8. The peak 
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efficiency n is attained at the same value of flow ratio k for 
max 
!IDE and SNE, and the value of n
max 
of SNE is a slightly higher (by 
about 1 %) than that of MNE, as is seen in the figure. In the 
range of the flow ratio 'of k < 2.6, the efficiency of SNE is 
higher than that of MNE. Consequently, it may be said that the 
application of mUltiple nozzles causes a slight reduction of the 
performance of the ejector in the wide range of the flow ratio. 
5.4 Noise 
The result of the measurement of noise levels during the 
running of MNE and SNE is shown in Fig. 9. It is seen that the 
noise level of MNE is lower by 7 - 10 dB than that of SNE, and the 
difference reduces with increase of the flow ratio k. It may be 
considered that the reduction of noise level is caused by the 
interferences of perturbations in the initial mixing region of 
the jets from the multiple nozzles, as postulated by Laurence6 ) . 
0.3 1.3 r-----r---,----,-------, 
0.2 1.2 t----+--T-;.E--+--~.J=::>.....--
0.1 1.1 t-----;//-t---+--_+_ 
Fig.8 Performances of MNE and 
SNE with the optimum 
dimensions 
6. Conclusions 
Fig.9 Noise levels of MNE and 
SNE with the optimum 
dimensions 
The effects of the dimensions of the parallel part of 
diffuser and the nozzle spacing on the performance of the subsonic 
air ejector with multiple nozzles, are summarized as follows; 
1) The optimum length (ls)oPt of the parallel part of 
diffuser is equal to 1 _ 3 for MNE and to 5 - 7 for SNE. The value 
of (I) t can be reduced to about 11{N times of that for SNE by 
s op 
applying the mUltiple nozzles 
2) The optimum value (x) t of nozzle spacing is equal to 0.5 
op 
for MNE and to zero for SNE. 
3) The application of the mUltiple nozzles instead of the 
single nozzle causes a slight reduction of the performance of the 
ejector in the wide range of the flow ratio. 
4) The application of the multiple nozzles can contribute 
remarkably to reduce the noise level under running of ejector. 
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